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Abstract

Vernonanthura polyanthes (Spreng.) A.J. Vega & Dematt. (Asteraceae), known as “assa-peixe”, has been used in
ethnomedicine for the treatment of various diseases such as bronchitis, pneumonia, hemoptysis, persistent cough,
internal abscesses, gastric and kidney stone pain. Moreover, some studies demonstrated that species of Genus Vernonia
present antifungal activity. Due to the biological relevance of this species, the aim of this study was to investigate the
toxic, genotoxic, antigenotoxic and antifungal potential of V. polyanthes leaves aqueous extract in somatic cells of
Drosophila melanogaster or against Candida spp. The aqueous extract of the plant showed no toxic, genotoxic and
antigenotoxic activity in the experimental conditions tested using the wing somatic mutation and recombination test
(SMART/wing). However, when the extract was associated with doxorubicin, used in this work as a positive control,
the mutagenic potential of doxorubicin was enhanced, increasing the number of mutations in D. melanogaster somatic
cells. In the other hand, no inhibitory activity against Candida spp. was observed for V. polyanthes leaves aqueous
extract using agar-well diffusion assay. More studies are necessary to reveal the components present in the V. polyanthes
leaves aqueous extract that could contribute to potentiate the doxorubicin genotoxicity.

Keywords: assa-peixe, Asteraceae, Cerrado, SMART/wing test, Vernonia polyanthes.

O extrato aquoso das folhas de Vernonanthura polyanthes
potencializa a genotoxicidade da doxorrubicina em células
somaticas de Drosophila melanogaster e nao apresenta atividade
antifungica contra Candida spp.

Resumo

Vernonanthura polyanthes (Spreng.) A.J. Vega & Dematt. (Asteraceae), conhecida como “assa-peixe”, tem sido utilizada
na medicina popular para o tratamento de varias doengas, como bronquite, pneumonia, hemoptise, tosse persistente,
abcessos internos, afec¢des gastricas e calculo renal. Além disso, alguns estudos ja demonstraram que espécies do Género
Vernonia apresentam atividade antifungica. Devido a relevancia bioldgica dessa espécie, o objetivo deste estudo foi
investigar os efeitos citotoxico, genotdxico, antigenotoxico e antifiingico do extrato aquoso das folhas de V. polyanthes
em células somaticas de Drosophila melanogaster ou contra Candida spp. O extrato aquoso da planta ndo apresentou
atividade citotoxica, genotoxica e antigenotoxica nas condi¢des experimentais testadas usando o teste de recombinagdo
e mutagdo somatica em asa (SMART-asa). No entanto, quando o extrato foi associado com a doxorrubicina, utilizada
neste trabalho como controle positivo, o potencial mutagénico da doxorrubicina foi potencializado, aumentando o
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nimero de mutagdes em células somaticas de D. melanogaster. Por outro lado, nenhuma atividade inibitoria contra
Candida spp. foi observada utilizando o extrato aquoso das folhas de V. polyanthes por meio do método de difusdo
em agar. Mais estudos sdo necessarios para desvendar os componentes presentes no extrato aquoso das folhas de
V. polyanthes que possam contribuir para potencializar a genotoxicidade da doxorrubicina.

Palavras-chave: assa-peixe, Asteraceae, Cerrado, teste SMART/asa, Vernonia polyanthes.

1. Introduction

Vernonanthura polyanthes (Spreng.) A.J. Vega &
Dematt. [synonymous of Vernonanthura phosphorica
(Vell.) H. Rob. according to Vega and Dematteis (2010)]
belongs to the plant family Asteraceae and is popularly
known as “assa-peixe”. Due to the complexity of the
Vernonia Genus, including around 1000 species (Keeley
and Jones, 1979), Robinson (1999) segregated most of
its South America species in 22 new genera, including
Vernonathura, and after Vernonia polyanthes was combined
as Vernonanthura polyanthes (Vega and Dematteis,
2010), the focus of this work. Metabolomic investigation
corroborates the taxonomical classification, suggesting that
Vernonia polyanthes should be considered as belonging to
the Vernonanthura genus (Martucci et al., 2014).

The species belonging to Vernonia Genus can be found
in a wide range of habitats of broad ecological diversity
and climatic conditions, but especially in tropical regions.
Many of them are used as food and medicine (Toyang and
Verpoorte, 2013). It has been reported that plants belonging
to Vernonia Genus presents a plenty of bioactivities,
including antiplasmodial, antileishmanial, antischistosomial,
cytotoxicity, antimicrobial and anti-inflammatory (Toyang
and Verpoorte, 2013). The Vernonanthura species represent
the “assa-peixes” used in Brazil in the composition of
syrups for the treatment of flus and colds (Leitdo et al.,
2014). V. polyanthes is a plant common in Minas Gerais,
Sao Paulo, Mato Grosso and Goids, occurring primarily
in Cerrado biome. This species is a shrub with oval
leaves, rough and hairy spear-shaped. The white or pink
inflorescences are arranged at the apices of the branches
in small capitula (Alves and Neves, 2003).

V. polyanthes leaves and roots in decoction or infusion
are used in ethnomedicine to treat bronchitis, persistent
coughs, pneumonia, kidney stones, gastric disorders,
malaria, fever, wounds, fractures, sprains, bruises and
dislocations. In addition, the plant is indicated by common
sense as diuretic and anti-rheumatic (Jorgetto et al., 2011;
Oliveiraetal., 2011; Slongo and Hoscheid, 2012). It has been
demonstrated that V. polyanthes is a potential vasodilatation
agent, able to manage blood pressure (Romanezi da
Silveira et al., 2003). Moreover, the plant presents antiulcer
effect (Barbastefano et al., 2007), and antinociceptive
and anti-inflammatory activities (Temponi et al., 2012).
Phytochemicals studies showed that V. polyanthes presents
flavonoids (flavonols and flavones), sesquiterpene lactones,
chlorogenic acids and phenolic acid (protocatechuic acid)
(Igual et al., 2013; Martucci et al., 2014).

Due to V. polyanthes biological activities and extensive
popular use, it is necessary to study the toxic, genotoxic
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and antigenotoxic activity of the leaves aqueous extract.
Moreover some studies suggest that Cerrado plants could
provide the basis for the production of new drugs (Silva etal.,
2003). In that way, results obtained from genotoxicity tests
are crucial to ensure the safe use of the plant (Maciel et al.,
2002). One of the most widely used genotoxicity test is
the wing Somatic Mutation And Recombination Test
(SMART/wing) for genetic and chromosomal mutations
and also somatic recombination detection in somatic cells
of Drosophila melanogaster (Rocha et al., 2013).

The changes observed in SMART/wing test are
induced in cells of the imaginal discs that after several
mitotic divisions give rise to the wings of adults. The test
is based on the identification of mutant phenotypes that are
originated due to the occurrence of DNA damage, caused by
the loss of larval heterozygous cells (Fonseca and Pereira,
2004; Ribeiro et al., 2003, 2009; Mendanha et al., 2010;
Abreuetal., 2011; Alte et al., 2012). The test makes use of
three D. melanogaster different strains: (i) multiple wing hairs
(mwh); (ii) flare-3 (flr); and (iii) ORR/ORR. SMART/wing
test is considered to be quick and inexpensive and gives
reliable results, which are unambiguous and highly
reproducible (Felicio et al., 2014).

Many species of Asteraceae, including that ones belonging
to Vernonia Genus, exhibit significant antifungal activity
(Toyang and Verpoorte, 2013; Leitdo et al., 2014). Many
studies are being carried out to find plant species with
potential antifungal activity (Silva et al., 2012; Hofling et al.,
2010), because synthetic drugs may exhibit high toxicity
to patients (Araujo et al., 2004). Substances more efficient
against pathogenic microorganisms and less toxic to the
patient could be isolated from vegetal species (Ostrosky,
2009). Studies performed by Ogundare et al. (2006)
demonstrated that bark extracts from Vernonia tenoreana
inhibited the growth of Candida albicans. Furthermore,
it was demonstrated that other Cerrado plants, such as
Lafoensia pacari (pacari) and Brossimum gaudichaudii
(mama-cadela) extracts, also inhibited the growth of
Candida spp. yeasts (Silva et al., 2012). These results point
to the need for more studies on the utilization of Cerrado
species for antifungal purposes. Candida spp. are of great
importance for public health, since candidiasis is the third
systemic mycosis in number of deaths (Prado et al., 2009)
and vulvovaginal candidiasis is the first most common
cause of fungal vaginal infections (Sobel, 2007).

Due to V. polyanthes therapeutic potential, the present
study aimed to evaluate the toxic, genotoxic and antigenotoxic
potential of V. polyanthes leaves aqueous extract in somatic
cells of Drosophila melanogaster. The V. polyanthes leaves
aqueous extract inhibitory activity against Candida spp.
was also tested.
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2. Material and Methods

2.1. Plant sample obtaining

The plant sample was collected near Por do Sol lake
in the city of Ipora, Goias (16° 25’ S, 51° 06* W), in June
2012. After the botanical identification, a voucher specimen
(n° 6519) was deposited in the herbarium of Universidade
Estadual de Goias, Campus Henrique Santillo. The collected
leaves were dehydrated and pulverized.

2.2. D. melanogaster strains and crosses

The test makes use of three different strains of
D. melanogaster: (i) multiple wing hairs: y;mwh j (mwh, 3-0.3);
(i1) flare-3: (flr3, 3-38.8) (flr3/In(3LR)TM3, ri pp sep 1(3)894a
bx34e and BdS); and (iii) ORR/ ORR: fIr3/In(3LR)TM3,
i pp sep 1(3)89Aa bx34e and BdS.

Two crosses were performed. In standard cross (ST),
80 female from /I lineage were crossed with 40 males
from mwh lineage. In high bioactivation (HB) crossing,
80 female ORR lineage were crossed with 40 mwh males.
In both crosses the following offspring was obtained:
marked trans-heterozygous (MH) with genetic constitution
mwh +/+ flr’, which can be easily identified by the smooth
wings (Ribeiro et al., 2003, 2009; Valadares, 2007;
Mendanha et al., 2010).

2.3. Survival curve

To evaluate the toxic potential of the V. polyanthes
leaves aqueous extract, D. melanogaster third-stage larvae
originated from the two crosses (HB and ST) were collected
72 h after the beginning of oviposition, and washed in
water with help of fine mesh stainless steel strainer. After,
larvae were subjected to chronic treatment with different
concentrations of V. polyanthes leaves aqueous extract.
For this, 50 D. melanogaster larvae were placed in glass
tubes (2.5 cm diameter and 8.0 cm height) containing
0.9 g of mashed potatoes medium culture (Yoki SA,
mashed potato flakes) hydrated with 3 mL of 7 different
concentrations of V. polyanthes leaves aqueous extract
for 48 h. The aqueous extract of the plant was prepared
similar to how people prepare the V. polyanthes tea: 3 g of
dried and pulverized leaves boiled for 5 min in 150 mL of
distilled water (ANVISA, 2011). From this stock solution
at 0.02 g/mL, dilutions were made to obtain the following
concentrations: 0.016 g/mL, 0.012 g/mL, 0.008 g/mL,
0.004 g/mL, 0.002 g/mL and 0.001 g/mL. Sterile distilled
water was used as negative control. After seven days, the
larvae that suffered metamorphosis into adult flies were
counted as survivors. The test was performed in triplicate.

2.4. Evaluation of genotoxicity and antigenotoxicity of
V. polyanthes leaves aqueous extract

ST and HB crosses were performed. The larvae from both
crosses were subjected to chronic treatment, as described
for the survival curve. For the assessment of genotoxicity
and antigenotoxicity of the V. polyanthes leaves aqueous
extract, three concentrations were tested: 0.012 g/mL,
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0.004 g/mL and 0.001 g/mL. For the antigenotoxicity
test, these extract concentrations were associated with
0.000125 g/mL doxorubicin (DXR, Doxolen lyophilized,
Eurofarma Laboratorios Ltda., Sdo Paulo, Brazil, CAS
No. 23214-92-8). Sterile distilled water was used as
negative control and doxorubicin, a potent clastogenic
agent of direct action (Dhawan et al., 2003), was used as
positive control. When the adult flies were obtained, its
wings were used for the preparation of the slides.

2.5. Preparation of the slides

The wings of flies were removed using an entomological
forceps and a magnifying glass. The slides were kept on a
hot plate between 40-45 °C over a 24 h period, after this
period, the slides were covered with coverslips containing
Faure solution (30 g arabic gum, 16 mL glycerol, 200 g
chloral hydrate (CI,CCH(OH),) and 50 mL distilled
water) for 24 h at 40-45 °C. After this period, the slides
were examined for spots using a light microscope at
400x magnification.

2.6. Statistical test

The y? test was used to evaluate the mutagenic potential
(Frei and Wiirgler, 1988). For the antimutagenic analysis,
the frequencies of each type of spot for each treatment
group were compared pairwise (DXR x V. polyanthes
extract + DXR), using the nonparametric Mann-Whitney
U-test and Wilcoxon rank sum tests (Frei and Wiirgler, 1995).

2.7. Fungal strains and cultivation conditions

For the antifungal potential analysis of V. polyanthes
leaves aqueous extract, two species were selected: Candida
albicans (ATCC 28367) and Candida parapsilosis (ATCC
22019). The fungus was maintained on Agar Sabouraud
Dextrose (Himedia Laboratories Pvt. Ltd., India) at room
temperature.

2.8. Agar-well diffusion assay

The fungal inoculum was prepared by suspension
of colonies from a 48 h culture in 2 mL of sterile saline
solution (0.9% NaCl). The suspension was set at 0.5 of
the McFarland scale (Silva et al., 2012). 30 pL of this
suspension was spread on Agar Sabouraud Dextrose
supplemented with 10 pg/mL gentamicin. Then, six 6 mm
diameter wells were made using a sterile tip (Alves et al.,
2006). Each well was filled with 50 uL of V. polyanthes
leaves aqueous extract in seven different concentrations:
0.16 g/mL, 0.08 g/mL, 0.04 g/mL, 0.02 g/mL, 0.012 g/mL,
0.004 g/mL and 0.001 g/mL. Nystatin oral suspension
100,000 IU/mL (Germed Pharmaceutical Ltda. Brazil) ina
final dosage of 0.02 g/mL (CLSI, 2008) and distilled water
were used as positive and negative control, respectively.
The plates were incubated at room temperature for 48 h
and, then, the zones of inhibition were measured using
a ruler. The zone sizes obtained in the presence of the
V. polyanthes leaves aqueous extracts were compared to
the values obtained for the positive control. This assay
was performed in quadruplicate.
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3. Results

To assess the V. polyanthes toxicity, a survival curve of
D. melanogaster larvae treated with different concentrations
of V. polyanthes leaves aqueous extract was performed. After
compiling the results of three independent experiments, the
mean percentage of survivors was calculated. The survival
curve showed that, under the conditions used in this work,
V. polyanthes leaves aqueous extract presented no toxic
activity in D. melanogaster larvae of both crosses, ST and
HB, when compared to the negative control (see Figure 1).

The V. polyanthes leaves aqueous extract genotoxicity
was evaluated by ST (mwh/flr3) and HB (mwh/ORR) crosses,
obtaining marker-heterozygous (MH) flies (mwh +/+ fIr’),
presenting wild-type wings. According to the results, there
was a significant increase in simple small spots (SSS),
simple big spots (SBS) and twin spots (TWS), comparing
to the negative control (distilled water). However, when
compared the number of SSS, SBS and TWS of the treatments
with the higher numbers obtained by the positive control
(doxorubicin), one can suggest that V. polyanthes aqueous
extract presented neither direct genotoxic effect, based on
the analysis of ST crosses, nor indirect genotoxic effect,
according to HB crosses, in somatic cells of D. melanogaster
(as shown in Table 1).

V. polyanthes leaves aqueous extracts co-treatment
with DXR (positive control) was used to evaluate the plant
extract antigenotoxicity. After promoting the same crosses
described for genotoxicity, a significant increase in SSS,
SBS and TWS numbers was observed for the co-treatments,
when compared to the positive control used alone (as shown
in Table 2). In this way, the V. polyanthes leaves aqueous
extracts may present no antigenotoxic activity, contrariwise,
in the concentrations used in this work, the plant extract
enhanced the doxorubicin genotoxicity in D. melanogaster
somatic cells.

V. polyanthes leaves aqueous extract antifungal
activity was tested in seven different concentrations

(0.16 g/mL, 0.08 g/mL, 0.04 g/mL, 0.02 g/mL, 0.012 g/mL,
0.004 g/mL and 0.001 g/mL). The conditions used in this
work showed no inhibitory activity against C. albicans and
C. parapsilosis, when compared with the positive control
nystatin. The nystatin inhibition zone diameter was 13 mm
+ 1 and 14 mm + 1 against C. albicans and C. parapsilosis,
respectively (see Figure 2).
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Figure 1. Survival curve of D. melanogaster larvae derived
from the standard (ST) and high bioactivation (HB) crosses.
The larvae obtained from ST and HB crosses were subjected
to chronic treatment with different concentrations of
V. polyanthes leaves aqueous extract. After seven days, the
larvae that reached the adult stage were counted as survivors.
Data are presented as means of triplicates percentage of
surviving larvae + the standard deviation of triplicates.
D1:0.02g/mL;D2:0.016g/mL;D3:0.012g/mL;D4:0.008 g/mL;
D5:0.004 g/mL; D6: 0.002 g/mL; D7: 0.001 g/mL; Negative
control: sterile distilled water.

Table 1. Frequency of mutant spots observed in marker-heterozygous descendants of D. melanogaster from standard (ST)

and high bioactivation (HB) crosses treated with different concentrations of V. polyanthes leaves aqueous extract.

Frequency of mutant spots per individual (N° of spots)®

N° of
Treatment  Indiv. ( 1-ZS§eSlls)" (>2ScBe?ls)" TWS TOS
(N) m=35 m=2
m=2 m=35
mwh/flr’
Neg. Control 40  0.00 (00) 0.03 (01) 0.05 (02) 0.08 (03)
Doxorrubicin 40  4.85 (194) + 7.10 (284) + 6.95 (278) + 1890 (756) +
0.001 g/mL 40  0.03 (01 - 0.05 (02) - 0.00 (00) - 0.08 (03) -
0.004 g/mL 40  0.03 (01) - 0.00  (00) - 0.03 (01) - 0.05 (02) -
0.012 g/mL 40  0.00 (00) - 0.00 (00) - 0.00  (00) - 0.00  (00) -
mwh/ORR .
Neg. Control 40  0.03 (01) 0.03 (01) 0.00 (00) 0.05 (02)
Doxorrubicin 40  3.50 (140) + 4.78 (191) + 475 (190) + 13.03 (521) +
0.001 g/mL 40  0.05 (02) - 0.00  (00) - 0.00  (00) - 0.05 (02) -
0.004 g/mL 40  0.08 (03) - 0.05  (02) - 0.03 (01) - 0.15  (06) -
0.012 g/mL 40  0.03 (01) - 0.00  (00) - 0.05 (02) - 0.08 (03) -

“Statistical diagnosis according to Frei and Wiirgler (1988): +, positive; -, negative results. Significance levels a == 0.05. *Including rare

single spot /7. m: multiplication factor; SSS: simple small spots; SBS: simple big spots; TWS: twin spots; TOS: total spots.
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Table 2. Frequency of mutant spots observed in marker-heterozygous descendants of D. melanogaster from standard (ST)
and high bioactivation (HB) crosses treated with different concentrations of V. polyanthes leaves aqueous extract associated
with doxorubicin.

Frequency of mutant spots per individual (N° of spots)®

N° of

Treatment Indiv. ( l-ZS feslls)" (>ZScB§ls)" TWS TOS

™) m=35 m=2
m=2 m=5
mwh/flr’

Neg. Contr. 40  0.00 (00) 0.03 (01) 0.05 (02) 0.08 (03)
Doxorrubicin 40 485 (194) + 7.10 (284) + 695 (278) + 1890 (756) +
+0.001 g/ml 40 1675 (670) + 23.60 (944) + 23.65 (946) + 64.00 (2560) +
+0.004 g/ml 40 11.30 (452) + 11.70 (468) + 11.00 (440) + 34.00 (1360) -+
+0.012 g/ml 40 2030 (812) + 10.13 (405) + 880 (352) + 3923 (1569) +

mwh/ORR

Neg. Contr. 40  0.03 (01) 0.03 (01) 0.00 (00) 0.05 (02)
Doxorrubicin 40 350 (140) + 478 (191) + 475 (190) + 13.03 (521) +
+0.001 g/ml 40 2520 (1008) + 16.60 (664) + 11.35 (454) + 53.15 (2126) +
+0.004 g/ml 40 18.65 (746) + 8.83 (353) + 828 (331) + 3575 (14300 +
+0.012 g/ml 40 18.63 (745) + 9.05 (362) + 848 (339) + 36.15 (1446) +

“Statistical diagnosis according to Frei and Wiirgler (1988): +, positive; -, negative results. Significance levels o = = 0.05.
*Including rare single spot /. m: multiplication factor; SSS: simple small spots; SBS: simple big spots; TWS: twin spots; TOS:
total spots.

C. albicans C. parapsilosis

Figure 2. V. polyanthes leaves aqueous extract presents no antifungal activity against Candida spp. C. albicans and
C. parapsilosis were cultivated on Sabouraud Dextrose agar for 48 h. Then, the yeasts were spreaded on this media in
presence of seven different concentrations of V. polyanthes leaves aqueous extract. After 48 h, the zones of inhibition
were measured using a ruler. Nystatin and distilled water were used as positive (+) and negative (-) control, respectively.
D1:0.02 g/mL; D2: 0.012 g/mL; D3: 0.004 g/mL; D4: 0.001 g/mL; D5: 0.04 g/mL; D6: 0.08 g/mL; D7: 0.16 g/mL.
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4. Discussion

V. polyanthes leaves aqueous extract presented no toxic,
genotoxic or antigenotoxic activity in D. melanogaster
somatic cells under the conditions used in this work.
Similarly, Vernonia condensata leaves aqueous extract did
not present mutagenic potential using Salmonella/microsome
assay (Monteiro et al., 2001). Moreover, the aqueous
extract of Vernonia amygdalina and the methanol extract
of Vernonia cineria present no toxicity in murine model
(Amole et al., 2006; Rajamurugan et al., 2011). However,
previous study with Swiss albinus mice demonstrated that
V. polyanthes leaves hydroalcoholic extract presented a
moderated genotoxic effect only in concentrations higher
than 1500 mg/kg (Jorgetto et al., 2011). And when a
sesquiterpene lactone, glaucolide B, was isolated from
Vernonia eremophila, the molecule presented genotoxic
and cytotoxic activities in vitro using human cultured
lymphocytes, but did not present genotoxicity in vivo when
bone marrow cells from BALB/c mice were analyzed
(Burim et al., 1999).

These data suggest that the plant specie, the preparation
method of the leaves extract and the model organism
could influence the toxicity/genotoxicity responses.
Some compounds may be present in one species and
absent in another. It has been observed, for example, that
V. polyanthes was the only species with presence of flavones
chrysoeriol-7-O-glycuronyl, acacetin-7-O-glycuronyl and
sesquiterpenes lactones piptocarphin A and piptocarphin
B among ten Vernonia species studied by Martucci et al.
(2014). Glaucolide A was detected only in V. brasiliana
and V. polyanthes in this same study (Martucci et al.,
2014). Furthermore, the extraction method using methanol
described by Igual et al. (2013), for example, favors
extraction of compounds stored in glandular trichomes, such
as sesquiterpene lactones. In this way, the aqueous extract
used in this work may have not favored the extraction of
toxic/genotoxic compound(s).

Although V. polyanthes leaves aqueous extract presented
no toxic, genotoxic or antigenotoxic activity, it enhanced
doxorubicin genotoxicity in D. melanogaster somatic cells.
Similar results have been demonstrated to Piper cubeba,
Lycopersicon esculentum and Tabebuia impetiginosa using
the same organism model. When (-)-cubebin, a compound
isolated from Piper cubeba seeds, was combined with DXR,
the number of mutant spots increased (Rezende et al., 2011).
The extract of organic tomato Lycopersicon esculentum when
combined with DXR also potentiates the genotoxic effect
of'this drug (Dutra et al., 2009). T impetiginosa alone did
not act as a genotoxin or an antigenotoxin, but it induced
the DXR genotoxicity when associated with this mutagen
(Sousa et al., 2009). Moreover, it was demonstrated, using
micronucleus assay, that hydroalcoholic extract of Mikania
glomerata (Asteraceae) aerial parts significantly increased
DXR genotoxicity (Barbosa et al., 2012).

Plant extracts contain multiple components that can
exert toxicity separately or synergistically (Cai et al., 2004;
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Romero-Jiménez et al., 2005). In this way, co-administration
of herb and therapeutic drugs may cause clinical risk to
patients and so need to be investigated (Barbosa et al.,
2012). But the components and mechanisms used by
some plants to enhance DXR genotoxic effect were not
revealed yet. DXR is a chemotherapeutic agent that induces
single- and double-stranded DNA breaks (Rezende et al.,
2011), after being metabolized by cytochrome P450 complex
(Dutra et al., 2009). Interestingly, this enzyme complex
is also responsible for DXR detoxification (Niitsu et al.,
2000). It is proposed that plant components could (i) directly
interact with cytochrome P450 enzymes involved in DXR
metabolism or (ii) generate oxygen free radicals that could
increase this enzymatic activity, both contributing to DXR
mutagenicity enhancing (Sousa et al., 2009). In that way,
the V. polyanthes extract used in this work may contain
compound(s) that influence the DXR genotoxicity.

V. polyanthes leaves aqueous extract presented no
antifungal activity against C. albicans and C. parapsilosis
under the conditions used in this work. Similar results
were observed by Sartori et al. (2003) using a methanolic
extract of Acmela brasiliensis (Asteraceae) flowers. None
of'the fractions tested possessed activity against the yeasts
tested, including C. albicans and Candida tropicalis.
However, all fractions were active against dermatophytes
(Sartori et al., 2003). Similarly, Vernonia cinerea leaves
acetonic extract presented antifungal activity only against
a strain of Candida glabrata (HOS5 flu R), but not against
another strain of this fungus (HO5 flu S) and against
C. albicans, Candida krusei and A. fumigatus (Mini et al.,
2010). Vernonia cinerea leaves methanolic extract was
also tested and exhibited antifungal activity against
C. albicans (Latha et al., 2011). The crude leaf and tuber
dichloromethane, methanolic and aqueous extracts from
Vernonia guineensis exhibited weak antifungal activity
against Candida albicans, A. fumigatus and Trichophyton
mentagrophytes; except for the dichloromethane and
methanolic tuber extract, which showed moderate activity
against A. fumigatus (Toyang et al., 2012).

These results suggest that different extracts of Vernonia
species could present antifungal activity against different
fungi species. So, more studies have to be developed using
different V. polyanthes parts, or different forms of extraction,
against different fungi groups, such as dermatophytes, to
elucidate if this plant could inhibit any fungus growth.

In this study, we showed that V. polyanthes leaves
aqueous extract could enhance DXR genotoxicity by
components and mechanisms not revealed yet. Future work
will focus on determine the substance(s) involved in this
potentiating effect, since an understanding of components
and mechanisms involved in herb—drug interactions is
essential for clinical risk assessment (Barbosa et al.,
2012). Moreover, further studies are needed to confirm
the efficacy and/or risks of the use of this plant tea by the
population, as well as to find alternatives to the rational
use of this natural resource.
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